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d bf df t ro riw 
300x75x3.0LSB 300 75 25.0 3.00 4.50 3.00 
300x75x2.5LSB 300 75 25.0 2.50 3.75 3.00 
300x60x2.0LSB 300 60 20.0 2.00 3.00 3.00 
250x75x3.0LSB 250 75 25.0 3.00 4.50 3.00 
250x75x2.5LSB 250 75 25.0 2.50 3.75 3.00 
250x60x2.0LSB 250 60 20.0 2.00 3.00 3.00 
200x60x2.5LSB 200 60 20.0 2.50 3.75 3.00 
200x60x2.0LSB 200 60 20.0 2.00 3.00 3.00 
200x45x1.6LSB 200 45 15.0 1.60 2.40 3.00 
150x45x2.0LSB 150 45 15.0 2.00 3.00 3.00 
150x45x1.6LSB 150 45 15.0 1.60 2.40 3.00 
125x45x2.0LSB 125 45 15.0 2.00 3.00 3.00 
125x45x1.6LSB 125 45 15.0 1.60 2.40 3.00 
Note: d, bf, df  are External dimensions 




























150x45x2.0 1.0 1.97 120.0 60.9 437.1 
200x45x1.6 1.0 1.61 169.6 105.3 452.1 
200x60x2.0 1.0 1.97 160.0 81.2 440.4 
200x60x2.5 1.0 2.50 161.0 64.4 443.3 
250x60x2.0 1.0 1.96 209.6 106.9 451.9 
250x75x2.5 1.0 2.51 201.0 80.1 446.0 
300x60x2.0 1.0 1.97 262.3 133.2 459.7 
300x75x2.5 1.0 2.51 250.0 99.6 449.1 
125x45x2.0 1.5 1.94 95.2 49.1 444.4 
150x45x1.6 1.5 1.58 120.0 75.9 454.2 
150x45x1.6 1.5 1.58 120.0 75.9 454.2 
150x45x1.6 1.5 1.58 120.0 75.9 454.2 
150x45x2.0 1.5 1.97 120.0 60.9 422.6 
150x45x2.0 1.5 1.97 120.0 60.9 422.6 
150x45x2.0 1.5 1.97 120.0 60.9 422.6 
200x45x1.6 1.5 1.61 169.6 105.3 452.1 
200x45x1.6 1.5 1.61 169.6 105.3 452.1 
200x60x2.0 1.5 1.97 160.0 81.2 440.4 
200x60x2.5 1.5 2.50 161.0 64.4 443.3 
250x60x2.0 1.5 1.96 209.6 106.9 451.9 
250x75x2.5 1.5 2.51 201.0 80.1 446.0 
300x60x2.0 1.5 1.97 262.3 133.2 459.7 
300x75x2.5 1.5 2.51 250.0 99.6 449.1 
200x60x2.0 1.6 1.97 160.0 81.2 440.4 
200x60x2.5 1.6 2.50 161.0 64.4 443.3 
 








Table 3: Measured Flange Yield Stresses and Thicknesses of LSBs 
(From Jeyaragan and Mahendran, 2009) 
 
LSB Section 
Inside Flange Plate Outside Flange Plate 
tf (mm)* fyf (MPa)* tf (mm)* fyf (MPa)* 
125x45x2.0 1.97 493.4 2.16 544.1 
150x45x1.6 1.63 487.5 1.77 557.8 
150x45x2.0 2.02 491.8 2.22 537.6 
200x45x1.6 1.66 491.3 1.79 536.9 
**200x60x2.0 1.90 470.5 2.02 520.8 
**200x60x2.5 2.47 484.0 2.65 516.0 
**250x60x2.0 2.02 473.0 2.11 523.0 
250x75x2.5 2.60 502.2 2.90 552.2 
300x60x2.0 2.02 496.3 2.22 557.7 
**300x75x2.5 2.65 484.2 2.91 510.4 
 
            Note: * tf , fyf - Base Metal Thickness and Yield Stress of Flange Plates 


















Note: u, v and w are translations and θx, θy and θz are rotations in the x, y and z 






























Edges u v w θx θy θz 
Left and Right  
(Supports) 
0 1 1 1 0 0 
Middle  
(Loading Point) 
1 0 1 1 0 0 
Table 5: Membrane Residual Stresses of LSBs (Seo et al., 2008) 
 
 










































300x75x3.0 -0.2591 0.03 -0.50 0.50 0.11 0.03 
300x75x2.5 -0.2556 0.03 -0.50 0.50 0.11 0.03 
300x60x2.0 -0.2556 0.03 -0.50 0.50 0.11 0.03 
250x75x3.0 -0.2591 0.03 -0.50 0.50 0.11 0.03 
250x75x2.5 -0.2556 0.03 -0.50 0.50 0.11 0.03 
250x60x2.0 -0.2556 0.03 -0.50 0.50 0.11 0.03 
200x60x2.5 -0.2600 0.03 -0.50 0.50 0.11 0.03 
200x60x2.0 -0.2567 0.03 -0.50 0.50 0.11 0.03 
200x45x1.6 -0.2567 0.03 -0.50 0.50 0.11 0.03 
150x45x2.0 -0.2615 0.03 -0.50 0.50 0.11 0.03 
150x45x1.6 -0.2567 0.03 -0.50 0.50 0.11 0.03 
125x45x2.0 -0.2615 0.03 -0.50 0.50 0.11 0.03 
125x45x1.6 -0.2567 0.03 -0.50 0.50 0.11 0.03 
 
































Ultimate Shear Capacity (kN) with RS 
without RS without RS with RS 
150x45x2.0 1.0 70.0 69.4 0.991 
200x45x1.6 1.0 63.5 63.0 0.992 
150x45x1.6 1.5 47.8 47.5 0.994 
150x45x2.0 1.5 61.0 60.4 0.990 
200x45x1.6 1.5 55.0 54.5 0.991 
 Table 7: Comparison of Ultimate Shear Yield Capacities from FEA, 






Ult. Shear Capacity (kN) 
Test/FEA FEA/Eq.8 
Test FEA Eq.8 
150x45x2.0 1.0 68.5 70.0 62.0 0.98 1.13 
200x60x2.5 1.0 119.3 118.0 107.1 1.01 1.10 
125x45x2.0 1.5 56.9 56.0 49.2 1.02 1.14 
150x45x2.0 1.5 59.5 61.0 59.9 0.98 1.02 
150x45x2.0 1.5 61.1 61.0 59.9 1.00 1.02 
150x45x2.0 1.5 58.8 61.0 59.9 0.96 1.02 
200x60x2.5 1.5 110.0 109.0 107.1 1.01 1.02 
200x60x2.5 1.6 107.9 106.0 107.1 1.02 0.99 



































Table 8: Comparison of Ultimate Inelastic Shear Buckling Capacities from FEA, 






Ultimate Shear Capacity (kN) 
Test/FEA FEA/Eq.9 
Test FEA Eq.9 
200x45x1.6 1.0 63.6 63.5 56.1 1.00 1.13 
200x60x2.0 1.0 88.2 88.5 77.7 1.00 1.14 
250x60x2.0 1.0 90.1 93.0 83.5 0.97 1.11 
250x75x2.5 1.0 139.6 136.5 126.7 1.02 1.08 
300x75x2.5 1.0 143.7 151.5 133.9 0.95 1.13 
150x45x1.6 1.5 45.8 47.8 47.2 0.96 1.01 
150x45x1.6 1.5 47.1 47.8 47.2 0.99 1.01 
150x45x1.6 1.5 47.0 47.8 47.2 0.98 1.01 
200x60x2.0 1.5 74.0 76.0 73.0 0.97 1.04 
250x75x2.5 1.5 118.9 121.0 119.1 0.98 1.02 
300x75x2.5 1.5 125.1 131.0 126.2 0.96 1.04 
200x60x2.0 1.6 79.4 75.0 72.5 1.06 1.03 





























Table 9: Comparison of Elastic Shear Buckling Capacities from FEA, 







































Ultimate Shear Capacity (kN) 
Test/FEA FEA/Eq.10 Test FEA Eq.10 
300x60x2.0 1.0 93.0 96.0 80.0 0.97 1.20 
200x45x1.6 1.5 54.2 55.0 51.8 0.99 1.06 
200x45x1.6 1.5 56.8 55.0 51.8 1.03 1.06 
250x60x2.0 1.5 >75.0 83.0 76.3 NA 1.09
300x60x2.0 1.5 >75.0 82.0 72.4 NA 1.13 
    Mean 1.00 
0.031 
1.11 
0.053     COV 
 
 
Table 10: Comparison of Ultimate Shear Capacities from FEA and Experiments 


































WSP Details s/d1 % 
Ultimate Shear 
Capacities (kN) Test 
FEA 
Tests FEA 
200x45x1.6 1.5 140x75 82 45.5 44.2 1.03 
150x45x2.0 1.5 90x75 75 53.8 51.0 1.06 
150x45x1.6 1.5 90x75 75 41.7 39.7 1.05 
150x45x2.0 1.0 90x75 75 61.2 64.0 0.96 
150x45x1.6 1.0 90x75 75 43.5 45.8 0.95 
150x45x1.6 1.5 110x75 92 47.0 47.8 0.98 
150x45x2.0 1.5 110x75 92 59.5 61.0 0.98 
150x45x2.0 1.0 110x75 92 68.5 70.0 0.98 
200x45x1.6 1.5 156x75 92 54.2 55.0 0.99 
Table 11: Comparison of Ultimate Shear Capacities from FEA and Experiments 
(One Side WSP) 












Test FEA Test FEA 
200x60x2.5 1.5 110.0 109.0 90.1 86.0 1.05 0.79 
250x60x2.0 1.5 75.0 76.0 61.1 63.5 0.96 0.84 
200x45x1.6 1.5 56.8 55.0 43.9 42.1 1.04 0.77 
200x60x2.0 1.6 79.4 75.0 62.9 60.0 1.05 0.80 
200x60x2.5 1.0 119.3 118.0 89.1 94.5 0.94 0.80 
200x60x2.0 1.0 88.2 88.5 71.3 74.5 0.96 0.84 
Note: OS WSP - One Side WSP;  BS WSP– Both Sides WSP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
